a well-established population of C. fluminea and evaluate the potential effect of this invasive bivalve on stream ecosystems. Accordingly, we examined the distribution, density, biomass, and age-class structure of C. fluminea in the lower San Joaquin River upstream of tidal influence and in 2 of its major tributaries, namely, the Tuolumne and Merced rivers (Fig. 1) . We also tested for relationships between measures of clam abundance and selected habitat variables and water quality variables in an effort to understand the environmental factors associated with patterns of clam abundance.
STUDY AREA
The San Joaquin, Merced, and Tuolumne rivers drain the San Joaquin Valley of California ( Fig. 1) . The upper portions of the watersheds consist primarily of forested lands in the foothills and upper elevations of the Sierra Nevada. Agriculture, primarily irrigated farmland, dominates the lower valley floor portions of the watersheds; however, urban areas are rapidly expanding. All 3 rivers are dammed near the transition from the foothills of the Sierra Nevada to the valley floor (Fig. 1) . The stored water is diverted into canal systems or released into the downstream channel to supply downstream uses and provide flood control. These operations have substantially altered natural hydrologic regimes and geomorphic processes (Kahrl et al. 1978 , Mount 1995 . Irrigation return flows and the intensive use of pesticides and fertilizers have adversely affected water quality on the valley floor (Kuivila and Foe 1995 , Brown 1997a , 1997b , Domagalski et al. 1997 , Kratzer and Shelton 1999 .
This study was conducted in the downstream reaches of the tributary rivers below the dams and in the lower San Joaquin River beginning just upstream of the Merced River (Fig.  1 ). Flow releases from Millerton Reservoir, which is on the San Joaquin River, are insufficient to maintain surface flow within a long reach of the river from below the dam to just above the confluence of the Merced River (Fig. 1; Brown 1997a) . Upstream of the Merced River, the flow in the San Joaquin River consists mainly of agricultural return flow. During our study, river flows were steady or slowly declining except at the farthest downstream San Joaquin River site (SJ1). Flows at this site were variable, due to water management activites on the Stanislaus River, but never approached flood levels.
METHODS

Data Collection
Corbicula fluminea was collected in June 2003 from 16 sites in the lower San Joaquin, Tuolumne, and Merced rivers (Fig. 1) . Sites on the mainstem San Joaquin River were located to bracket the confluences of tributary rivers. Sites on the Tuolumne and Merced rivers represented the variety of habitats below the foothill dams. Specifically, the 2 upstream sites in both tributaries were located in a region of higher gradient and coarse substrate with welldeveloped riffle-pool habitat. The 2 downstream sites were located in a region of lower gradient and fine substrate dominated by run habitat. The middle site represented a transition zone. All of the mainstem San Joaquin River sites were located in a region of lower gradient and fine substrate dominated by run habitat.
At each sampling site, C. fluminea densities were determined within a reach of stream with a linear extent corresponding to approximately 20 times the mean channel width. A stream reach of this length adequately captures stream habitat heterogeneity (Fitzpatrick et al. 1998) . Eleven evenly spaced transects, each oriented perpendicular to stream flow, were sampled within each reach. At each transect, C. fluminea was collected at 5 points: 25%, 50%, and 75% of stream width and 1 point within 2 m of the stream edge at each bank. At each point, a clam sample was collected from a 0.165-m 2 area in front of a rectangular kick net with a net bag approximately 30 cm deep with 2-mm mesh. When present, large rocks were removed from the area in front of the net, and then sand and gravel were kicked toward the net opening. This action disturbed the substrate to a depth of 10 cm. In clear water we occasionally noted clams remaining in the sample area after kicking, so our estimates represent minimum estimates of the numbers present. To prevent biasing our samples compared to turbid water samples, we did not collect the remaining visible clams. When water depth was too great to use the kick net, we used a pole-mounted Eck man dredge (0.052 m 2 ). The dredge samples were sieved through a 2-mm sieve. Our methods were not adequate to collect the smallest clams present (<2 mm SL, maximum shell length); however, this bias was present for all samples and does not affect comparisons be tween sites.
At each sampling point on a transect, stream depth was measured with a calibrated wading rod. Mean water column velocity was determined with a Marsh-McBirney electronic flow meter. The dominant substrate at the sample point was categorized visually (see Table 1 for categories). We were unable to sample locations deeper than our pole (3 m) or locations with substrate that could not be moved by hand (i.e., boulders). All C. fluminea individuals collected at a sampling site were composited into a single sample. Subsamples, which represented the size range of C. fluminea collected, were frozen to determine biomass. Any remaining clams were preserved in 10% buffered formalin. Preserved clams were transferred to 70% ethyl alcohol after 7-10 days. Water temperature was measured at the beginning and end of sampling activities at each site.
All 55 transect points were successfully sampled at only 3 of 16 sites (Table 1) . At 2 sites in the Merced River (MR3 and MR5) and 1 site in the Tuolumne River (TR3), entire transects were not sampled (5, 3, and 1 transect, respectively) because of the presence of deep pools (>2 m) with large substrate materials (large cobbles and small boulders) that were not amenable to sampling with the Eckman dredge. The remaining missing points represent isolated transect points that could not be sampled for reasons of depth or substrate.
In the laboratory, maximum shell lengths (SL) of all collected C. fluminea were measured to the nearest 0.1 mm using Vernier calipers. Corbicula fluminea in the frozen subsample were sorted into 1-mm SL size groups for each site. The clams within each 1-mm size group at each site were then placed into individual pans. At sites where clams were abundant, 1-mm size groups from each site were split into 2 pans. All pans were then placed in a 60°C oven (for ≥7 days), weighed (dry mass, DM), combusted at 500°C, and reweighed (ash mass, AM; Crisp 1971). The resulting ash-free dry mass (AFDM) of the clams in each 1-mm size group was determined by difference (AFDM = DM -AM). Data from all sites on a river were combined for determination of a river-specific regression equation. These equations were then used to estimate biomass of individual C. fluminea in the preserved samples.
Age structure of the C. fluminea population at each site was analyzed using Mix 3.1.3 for Macintosh (Macdonald and Green 1988) . This program discerns mixtures of distributions within size frequency distributions by the method of maximum likelihood. The component densities can be normal, lognormal, gamma, or Weibull distributions. The parameters were not constrained for these analyses. Age structure was analyzed assuming 2 reproductive periods per year for C. fluminea in this system (Foe and Knight 1985) . We tested for differences among rivers in log 10 -transformed mean SL at each age (as calculated by Mix) using ANOVA followed by Tukey pairwise comparisons.
Specific conductance, chlorophyll-a (chl-a), and suspended particulate matter (SPM) were determined at 4 sites on 1 day in each river during a 2nd sampling period that was separated from the C. fluminea collections by ≤21 days. Flows were steady or declining slowly between sampling periods, and thus we assumed that redistribution of clams between benthic and water column sampling periods was minimal. Water samples (1 L) were collected as midstream subsurface grabs, which Kratzer et al. (2004) found to be comparable to width-and depth-integrated samples in the lower San Joaquin River (median relative percentage difference = 12%, n = 8). Specific conductance was measured with an electronic meter. Chlorophyll-a was analyzed according to standard methods (Parsons et al. 1984) , as was SPM (Hager 1994) .
To supplement our single-event environmental sampling we obtained longer-term data from other sources. Such data were not available for every site sampled, but the data do allow comparisons between rivers. We obtained flow data for the 20 years preceding our sampling from USGS gages located at the upstream end of our study reaches in the Merced and Tuolumne rivers and at sites SJ1 and SJ5 on the San Joaquin River. We obtained unpublished data for water temperature, specific con ductance, pH, chl-a, dissolved calcium concentration, and SPM from Dr. Randy Dahlgren (University of California, Davis). We used data from twice monthly sampling at sites MR1, TR1, SJ1, SJ4, and at a location approximately 4 km upstream of SJ2. Four additional sampling events during the time period were also in cluded. Methods and sampling
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Data Analysis
We compared SL, density (total number per unit area sampled), and biomass (total AFDM per unit area sampled) of clams in each river using ANOVA followed by Tukey pairwise comparisons. The data were log 10 -transformed to improve normality and to reduce heteroscedasticity. We related density and biomass to environmental conditions using Spearman rank correlations. Measures of environmental conditions included (1) chl-a as a measure of food availability; (2) mean depth, mean velocity, mean dominant substrate size, and water temperature as measures of habitat condition; and (3) specific conductance and SPM as measures of water quality. Values for SPM actually depend on suspended material of both organic (e.g., suspended algae) and inorganic (e.g., suspended sediment) origin, so this measure also reflects food availability.
We compared AFDM adjusted for SL (a measure of condition) of C. fluminea using analysis of covariance (ANCOVA). For the pairwise comparisons of rivers, we used the Bonferroni correction to adjust the significance level for multiple pairwise tests. Both SL and AFDM data were log 10 -transformed for analysis.
RESULTS
Habitat and water quality conditions varied widely between rivers and between sites on the same river (Table 1) . Compared with the tributaries, the San Joaquin River was wider and deeper with less heterogeneity in temperature and substrate size between sites. Water temperatures were always warm, with all measurements exceeding 20°C. The substrate was dominated by fine particles (sand or smaller) at all sites. Specific conductance and SPM declined from upstream to downstream in the San Joaquin River, whereas chl-a was highest at the intermediate sites (SJR2 and SJR4).
Chlorophyll-a was approximately 2 orders of magnitude higher in the San Joaquin River than in the tributaries. At some sites, specific conductance and SPM were an order of magnitude higher in the San Joaquin River than in the tributary rivers.
In the Merced and Tuolumne rivers, water temperature, specific conductance, chl-a, and SPM tended to increase from upstream sites to downstream sites (Table 1) . Mean substrate size exhibited an opposite trend, with upstream sites having larger substrate (gravel or larger) and downstream sites dominated by mixtures of fine substrates (sand or smaller).
Flow in all 3 rivers was low to moderate during the 3 years preceding our sampling (Fig.  2) recent major flood occurred in late 1996 to early 1997 (Fig. 2) . The long-term water quality data (Table 2) showed patterns and magnitudes similar to our sampling-event measurements (Table 1) . Specific conductance was higher in the San Joaquin River than in the tributaries, with little overlap in the range of values (Table 2 ). Mean dissolved calcium was approximately 3 times higher in the San Joaquin River than in the tributaries. Mean chl-a was about 10 times higher in the San Joaquin River than in the tributaries. Suspended particulate matter was 5 to 6 times higher in the San Joaquin River than in the tributaries. Values for pH were similar at all sites and ranged from 7.3 to 8.6. Temperature was also similar at all sites and ranged from 7.9°to 27.8°C; however, these samples were taken at the farthest downstream and warmest sites on the tributaries. There were statistically significant differences in SL among rivers (ANOVA, F 2,4330 = 156.1, P < 0.001). The rivers were all different from each other (all P < 0.001). Mean SL of clams was smallest in the San Joaquin River (x -= 6.7 mm, 95% C.I. 6.1-7.5 mm, n = 66), intermediate in the Merced River (x -= 13.3 mm, 95% C.I. 12.9-13.8 mm, n = 712), and largest in the Tuolumne River (x -= 14.3 mm, 95% C.I. 14.1-14.4 mm, n = 3555). The difference between the Merced and Tuolumne rivers was only 1 mm, but was statistically significant because of high statistical power resulting from the large sample sizes. Patterns in SL within each river were different (Fig. 3) . All clams from the San Joaquin River were small; all but 1 measured <14 mm SL. In the Tuolumne River, the upstream site had no small individuals (Fig.  3) . The downstream site had the largest individuals but also the smallest median size. The C. fluminea populations at the lower Merced River sites (MR1-3) had relatively uniform mixtures of small and large individuals, and median sizes were larger than those in the Tuolumne River (Fig. 3) . The upstream Merced River sites (MR4 and MR5) had fewer large clams and smaller median sizes (11-13 mm SL) than the downstream sites.
There were significant statistical differences in density (ANOVA: F 2,13 = 7.2, P < 0.01) and biomass (ANOVA: F 2,13 = 7.7, P < 0.01) among the rivers. The Tuolumne River had significantly higher densities than the San Joaquin River (P < 0.01, Table 3 ). The difference in densities between the Merced River and the San Joaquin River was nearly significant (P = 0.051), with the Merced River having higher densities. The densities in the Merced and Tuolumne rivers were not different (P > 0.05). The pattern for biomass was similar, with biomass highest in the Tuolumne River, intermediate in the Merced River, and lowest in the San Joaquin River (Table 3) biomass value in the San Joaquin River (SJ3) declined to 0.01 g AFDM ⋅ m -2 when the single large clam collected in the San Joaquin River was omitted. For biomass, both the Merced and Tuolumne Rivers were significantly different from the San Joa quin River (P < 0.05), but not different from each other (P > 0.05). Within rivers, C. fluminea density and biomass were low throughout the San Joaquin River (Table 3) . Lowest values within the Tuolumne River were found at the farthest upstream and farthest downstream sites (Table   3 ). Biomass in the Merced River mostly increased from upstream to downstream sites, whereas density did not show a consistent pattern.
Density had the greatest number of significant correlations and was positively correlated with mean dominant substrate and negatively correlated to specific conductance, chl-a, and SPM (Table 4) . Biomass was negatively correlated to chl-a and SPM. Examination of scatter plots suggested that the correlations might largely be attributed to the San Joaquin River sites, which had low abundances of clams and high values for specific conductance, chl-a, and SPM. We recalculated the correlations after excluding the San Joaquin River sites and found
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Regression equation
Predicted AFDM log(AFDM) = a(log the AFDM of a "standard" 10-mm SL clam for each river (Table 5 ). These numbers fell within the range found previously for C. fluminea in the San Joaquin Delta region (Foe and Knight 1985) . Based on the 95% confidence intervals, each river was different from the others (Table  5) ; however, based on the regression lines (Fig.  4) , the difference between the Mer ced and Tuolumne rivers would be less at smaller SL.
The age structure of C. fluminea varied within and among rivers (Fig. 3) . At many sites (MR4, TR3, SJR2, and SJR5), there was only 1 age class present; however, at other sites, 2 (MR1, MR5, TR4, TR5, SJR1, SJR3, and SJR4), 3 (MR3 and TR2), 4 (MR2), or 5 (TR1) age classes were present. In general, higher numbers of age classes were found at downriver sites except on the San Joaquin River, which showed no trend.
The mean SL of clams in each age class varied among sites. An age-1 clam (assumed to be winter-spring 2003 recruits) ranged from 3.8 mm SL in the San Joaquin River (SJR5) to 15.9 mm SL at the midriver site on the Tuolumne River (TR3), but an age-2 clam ranged from 11.3 mm SL (SJR4) to 25.1 mm SL (MR1; Fig.  3 ).
Mean SL of age-1 clams was significantly different between rivers (ANOVA: F 2,12 = 7.3, P < 0.05). Pairwise tests showed that mean SL of age-1 clams was larger in the Tuolumne River than in the San Joaquin River, but was not different from mean SL of age-1 clams in the Merced River. The mean SL of age-1 clams in the Merced River was larger than the mean SL of age-1 clams in the San Joaquin River, but the difference was not statistically significant.
Mean SL of age-2 clams was also significantly different among rivers (ANOVA: F 2,7 = 5.6, P < 0.05). Pairwise tests showed that mean SL of age-2 clams was larger in the Merced River than in the San Joaquin River, but was not different from mean SL of age-2 clams in the Tuolumne River. The mean SL of age-2 clams in the Tuolumne River was larger than the mean SL of age-2 clams in the San Joaquin River, but the difference was not statistically significant.
DISCUSSION
Our study is the only one we are aware of that explores the ecology of C. fluminea in the small to medium-sized rivers of the southwestern United States. The published literature on introduced riverine populations of C. fluminea focuses largely on estuaries (e.g., Cohen et al. 1984 , Boltovsky et al. 1997 , Lucas et al. 2002 , Morgan et al. 2003 ) and low-gradient sand-bottomed rivers (e.g., Leff et al. 1990; Blalock and Herod 1999) . Also, relatively few studies have incorporated longitudinal sampling along a river (e.g., Leff et al. 1990 , Mouthon 2003 . Overall, densities of C. fluminea in the San Joaquin River watershed were similar to densities in studies conducted elsewhere that, like ours, did not consider smaller clams (<3-5 mm SL, Payne et al. 1989 , Stites et al. 1995 , Blalock and Herod 1999 . However, in our study there were obvious differences in the distribution and abundance of C. fluminea both among and within rivers.
The most obvious difference among rivers was the low density and biomass of C. fluminea in the San Joaquin River relative to the 2 tributaries. Larger clams have been collected in the San Joaquin River, as reported in studies of contaminants (Leland and Scudder 1990, Brown 1997b ), but they were rare and difficult to collect even from favored microhabitats. We documented the presence of larger clams, but they were very low in number (Fig. 3 ). There were also differences between the tributaries, with abundance and biomass peaking in the midreaches of the Tuolumne River but staying relatively consistent throughout the Merced River. The limited capability of our equipment to sample deeper water in the Merced River may have been a factor in the observed difference between tributaries; however, the difference in pattern remained when we considered only the sites where all transects were sampled (MR1, MR2, and MR4).
Flooding can affect the demographics of C. fluminea populations by transporting individuals out of the system and recolonizing the system with small individuals from upstream refugia (Payne et al. 1989 , McMahon 1999 ; however, the lower San Joaquin River and tributaries have not suffered a major flood since early 1997, and flows were low to moderate in the 3 years preceding sampling. It seems unlikely that the tributary populations would recover rapidly from the 1997 flood but that the San Joaquin River would fail to recover after 7 years. Therefore, we do not believe flooding and transport of C. fluminea is a sufficient explanation for the observed lack of multiple year-classes in the San Joaquin River.
Physical conditions within the 3 rivers were well within the known tolerances of C. fluminea. Specific conductivity was higher in the San Joaquin River than in the tributaries, but salinity (as indicated by specific conductance) was well below the 14 psu (specific conductance of about 23,000 mS ⋅ cm -1 ) threshold for adults and the 2 psu (specific conductance of about 3800 mS ⋅ cm -1 ) threshold for larvae reported by McMahon (1999) at all sites. Values for pH were always above the lower limit of 5.6. In addition, concentrations of dissolved calcium were always above the concentration of ~2.0 mg ⋅ L -1 , which is known to limit some other species of freshwater bivalves (Thorp and Covich 1991). Temperatures were also well below the 36°C lethal limit of C. fluminea (McMahon 1999) . Thus, differences in temperature, salinity, pH or dissolved calcium are unlikely to explain the differences in density and biomass between the San Joaquin River and the tributaries. Clams were also present at sites with a variety of substrate types, indicating that appropriate substrate was not limiting. The low density and low biomass of C. fluminea in the San Joaquin River, despite apparently suitable environmental conditions and lack of significant correlations of density and biomass with environ mental variables in the tributaries, suggest that the factors structuring the C. fluminea populations are not straightforward.
The calculated AFDM for a 10-mm SL clam was highest in the San Joaquin River, indicating that individual C. fluminea were in good physiological condition at the time we sampled. This is consistent with the positive correlations with chl-a and results of studies from other geographic areas, which indicated that maximum condition occurs at locations with the highest food availability (reviewed by McMahon 1999) . Foe and Knight (1985) re ported that C. fluminea becomes food limited at chl-a concentrations <20 μg ⋅ L -1 in the Sacramento River-San Joaquin River Delta. Concentrations of chl-a in excess of this limit are typical of the lower San Joaquin River from June through September (Table 2 ; Leland 2003 . The other sites did not exceed this threshold during our study (Tables 1, 2) . However, density and biomass, which likely better reflect conditions for C. fluminea populations over longer time periods, were lowest on the San Joaquin River. In addition, San Joaquin River C. fluminea shell length was smaller than tributary C. fluminea shell length for clams of the same age, and age-class structure was simpler in the San Joaquin River than in the tributaries. Thus, some factor other than food availability is likely contributing to the conflicting pattern of smallest-sized individuals and highest-condition individuals on the San Joaquin River.
In the absence of other factors, we would expect C. fluminea to invade the San Joaquin River and utilize the available food resources until abundances reached levels capable of filtering out most primary production, as has been reported elsewhere (Cohen et al. 1984 , Lauritsen 1986 , McMahon and Williams 1986 . We hypothesize that water quality is responsible for the low clam biomass and small-sized individuals in the San Joaquin River. Because clam condition as measured by AFDM was higher for C. fluminea in the San Joaquin River during our June collection, despite the smaller sizes in an age class, we suggest that the water quality conditions responsible for the stress occur at other times of the year when temperature and water quality stresses are greater.
Corbicula fluminea is exposed to dissolved pesticides in all 3 rivers; however, individuals in the Tuolumne and Merced rivers are exposed to lower concentrations than those in the mainstem and west-side tributaries of the San Joaquin River (Brown 1997b , Domagalski et al. 1997 , Domagalski and Munday 2003 , Zamora et al. 2003 , Brown et al. 2004 . These pesticides can reach concentrations toxic to some invertebrates (Kuivila and Foe 1995) . Clams from the mainstem and west-side tributaries of the San Joaquin River can also have high concentrations of organochlorine compounds in their tissues (Pereira et al. 1996 , Brown 1997b . Boltovsky et al. (1997) observed that C. fluminea populations in a polluted area of the Paraná River, Argentina, had only low densities of older clams that produced larvae with very poor survival. A subsequent study confirmed the role of pollutants in limiting survival of juvenile C. fluminea (Cataldo et al. 2001) . Mouthon (2003) hypothesized that concentrations of toxic contaminants lethal to pediveligers might explain low recruitment of C. fluminea in parts of the Saône and Rhône Rivers, France.
In addition to stress from toxic chemicals, clam populations in the San Joaquin River may experience sublethal physical stress. In particular, water temperatures can approach 30°C (Table 1) in midsummer and through the fall in this temperate climate. This condition is known to increase oxygen consumption (McMahon 1979) , decrease filtration rate (Mattice 1979) , and decrease metabolic rate (Ortman and Grieshaber 2003) of C. fluminea. It seems likely that cumulative and possibly synergistic environmental stresses may make the mainstem San Joaquin River a relatively inhospitable habitat for C. fluminea during the midsummer to fall period after our late-spring / early summer sampling period.
Conditions in the San Joaquin River need not be lethal to cause reduced abundances of clams. The juvenile and small C. fluminea that we did find in this river likely originated as larvae from both a small population of resident adult clams and from the large populations of mature clams in the tributaries. Thus, despite the environmental stresses, the San Joaquin River potentially receives a steady input of juvenile C. fluminea from other less-stressed systems. Larvae may have settled within the river and subsequently died, or they may simply have drifted through the mainstem San Joaquin River to the delta if conditions were stressful and if conditions inhibited settlement. Larger, previously settled C. fluminea are able to facilitate downstream drift to escape stressful conditions by extruding mucous drag lines into water currents (Prezant and Chalermwat 1984) .
Emigration or mortality in response to environmental stress does not seem a likely explanation for the different patterns of distribution in the Merced and Tuolumne rivers. Data for the Merced and Tuolumne rivers suggest that environmental conditions were well within the tolerances of C. fluminea throughout both rivers for 2 years preceding the study. Recruitment of juveniles was not likely to be limiting on either river, as we found individuals of reproductive size (6-10 mm SL) at the farthest upstream locations in all systems. In addition, observations on the Stanislaus River to the north ( Fig. 1 ; Brian Quelvog, California Department of Fish and Game, written communication) and the Kern River to the south (California Academy of Sciences collection record CAS IZ 78077) indicate that there are likely populations in upstream reservoirs that can serve as sources of additional recruits to the river reaches in our study.
It seems likely that downstream transport and hydraulics play a role in the distribution of clams in the tributaries. High densities and high biomass of clams occur at the stations MR3 and TR3, representing the transition from rifflepool habitat with coarse substrate to run habitat with fine substrate. This pattern would be expected if clams behaved like substrate particles and were transported as a component of bed load. Clams would be moved downstream by high winter and spring flows and settle in the transition and low-gradient reaches that favor accumulation of sand and gravel. Downstream transport of clams has been identified as an important process in other systems (Eng 1979 , Payne et al. 1989 , Mouthon 2003 . The lack of clam activity at low temperatures (Ortmann and Grieshaber 2003) would favor this hydraulics-dominated transport in winter and spring, when flow is dominated by snow melt runoff. Active migration (Prezant and Chalermwat 1984) may also occur in response to environmental conditions (Williams and McMahon 1989) at other times of the year when the clams are more active. The broad size ranges of C. fluminea in the areas of lower velocity and smaller substrate downstream of the transition zone and at TR4 are presumably due to local hydrodynamic conditions. The density and biomass of C. fluminea downstream of the habitat transition point differ substantially between the 2 tributaries, and the differences are likely the result of a number of interacting factors including recruitment, food availability, habitat conditions, and water quality.
Corbicula fluminea populations, similar to populations of other filter-feeding bivalves in culture (Dame 1996) and other invasive species in the wild (Thompson 2005) , are likely to expand until food or physical conditions limit population growth. Physical conditions in the tributaries are unlikely to limit C. fluminea population growth except in the lowest reaches during summer periods when temperatures may seasonally stress populations (>30°C). However, even these high temperatures are unlikely to kill healthy animals, which can survive at 36°C (McMahon 1999) . The low chl-a concentrations (<< 20 μg ⋅ L -1 ) and high biomasses suggest that filter-feeding clams are limited by food throughout the lower Merced and Tuolumne rivers. Thus, the reasons for differences in longitudinal patterns of population density, biomass, and age-class structure between tributaries are difficult to assess without understanding the dynamics of primary production over daily, seasonal, and annual time scales and without understanding the availability of alternative foods. Corbicula fluminea may filter bacteria and fine-particulate organic matter out of the water column to supplement the limited suspended algae food source. It seems more likely that clams are supplementing their energy intake through pedal feeding, as has been noted in other systems (Hakenkamp and Palmer 1999) . Pedal feeding most likely occurs in the lower reaches of the rivers, where the velocities decrease, where the sediment is finer, and where the fine organic particles accumulate.
Corbicula fluminea is an important species in the delta ecosystem because of its ability to deplete phytoplankton resources (Lucas et al. 2002 , Lopez et al. 2006 . The low density and biomass of C. fluminea that we found in the San Joaquin River upstream of the delta suggests that the species is unlikely to have a large effect on the ecosystem of the mainstem San Joaquin River. In contrast, our biomass results for the tributaries are in the same range as for sites in the delta where C. fluminea can deplete phytoplankton, suggesting that C. fluminea may be an important species in the trophic dynamics of the tributaries to the San Joaquin River. Preliminary calculations of C. fluminea grazing rates at the 3 downstream sites in the Merced and Tuolumne rivers indicate that the clam populations are generally capable of consuming all phytoplankton primary production occurring in the lower reaches of the rivers; similar calculations in the mainstem San Joaquin River indicate that grazing there is significantly slower than production (L. Lucas personal communication). Additional studies will be needed to determine the role of C. fluminea in the tributary ecosystems. As C. fluminea continues to expand its range through South America and Europe (McMahon 1999) , questions regarding its effects on organic carbon dynamics and trophic linkages are likely to become important in a wide array of environmental circumstances. Additional studies in the rivers of the arid southwestern United States could make important contributions to answering those questions.
